INTRODUCTION
The main purpose of this work was to establish an experimental method of growing Oriental tobacco (Izmir type) in a greenhouse in England which would result in plants resembling field-grown Izmir plants as closely as possible. This method was required for investigations into the relationship between the degree of water stress and the chemical composition of the tobacco. Amongst other Oriental tobaccos, Izmir tobacco is grown in conditions of severe water stress, and these conditions are essential for producing leaf with the desired properties (1) (2) (3) . It was therefore assumed that similar conditions of water stress would have to be employed in any experimental greenhouse method. Previously published water stress experiments with a semi-Oriental type of tobacco grown in pots employed a sandy soil and control of the level of water saturation in the range 20-1000/o (4). However, the results suggested that even the most extreme water stress condition tested (viz. 200/o saturation) would produce plants that were much larger than field-grown Izmir tobacco plants. An indication of the extreme variation in the height of tobacco plants which could result from different amounts of available water was given by Reid (5) . Although there are many other publications on the effect of water on tobacco (reviewed in reference 3), most of these deal with the effects of comparatively moderate water deficits. Because there was so little indication of how much. water our plants had to be given, it was decided to test a very wide dose range. Also, it was decided to give the plants regular measured doses of water rather than to attempt to control the saturation fraction; this allowed the inclusion of conditions of extreme water stress. The effect of this wide dose range revealed interesting information on the relationship between water supply and growth, which is the main subject of this report;
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In a second experiment in the following year, the growth patterns of two varieties which are normally grown with plenty of water were compared with that of Izmir tobacco, again in conditions of severe water stress. These two varieties were Amarelinho and Palotina, which are grown in Brazil. Amarelinho is normally flue-cured and Palotina is normally air-cured.
EXPERIMENTAL

General Cultivation Techniques
Seeds were sown onto expanded vermiculite and watered with an inorganic nutrient solution which had previously been found satisfactory for other types of tobacco (6); its composition is given in Table 1 . Seedlings were transplanted into clay pots containing clean washed sand when their largest leaves were approximately 5 cm long; the diameter of the sand at _the top' ·surface was 24 cm and its depth was 22 cm. The seedlings were watered in with an excess of nutrient solution so that the sand was saturated throughout, the excess solution draining through. After this initial saturation of the sand, no further water was supplied except for the subsequent experimental dosing. The minimum temperature in the greenhouse was set to 10 °C, but the maximum temperature was not controlled. In sunshine, the temperature frequently reached 35 °C. No attempt was made to control the relative humidity; the greenhouse was ventilated, but not shaded.
Experimental Treatments -First Experiment
Each pot contained one plant of a strain of Izmir tobacco. There were eleven treatments, duplicated in two randomized blocks. For ten of these, 0, 12.5, 25, 50, 100, 200, 400, 800, 1600 and 3200 cm 3 of tap water or nutrient were applied twice weekly by hand; all applications were made in the region of the roots, and only the larger doses spread all over the sand before soaking in. So long as some liquid dripped through the pots after each application, the plants were given nutrient. This occurred throughout the experiment with doses of 1600 cm 3 or more, and for the first 19 days with the 800 cm 3 dose. When no liquid dripped through the pots, the plants were given nutrient solution once a month, otherwise they were given water. This applied to doses up to and including 400 cm 3 • The volumes of water and nutrient applied by hand are summarised in Table 2 . The eleventh treatment consisted of regular applications of nutrient solution by an automatic watering system. When the seedlings receiving this eleventh treatment were first planted out they were given approximately 500 cm 3 per day, much of which drained straight through the sand. The dose was increased until the plants were receiving about 4 litres per day, a small proportion of which drained through. As the plants ripened the dose was reduced.
Experimental Treatments -Second Experiment
Three varieties were grown; Izmir, Palotina and Amarelinho. There were four treatments, duplicated in two randomized blocks. Three of these treatments were 100, 200 and 400 cm 3 were given a regular supply of nutrient solution by the automatic watering system.
Growth Measurements
Only non-destructive measurements of growth could be made. In both experiments the heights of the plants (to the terminal buds) were recorded regularly, i.e. at least weekly. In the first experiment, leaf areas were estimated 49 days after transplanting. This was done by measuring the lengths and widths of the leaves, and multiplying the products of these measurements by 0.66, a method previously recommended for small tobacco leaves (7) . The applicability of this factor to Izmir leaves was confirmed by measuring the areas of a few Izmir leaves, and relating them to the products of maximum lengths and maximum widths.
RESULTS
First Experiment
All the pots were saturated with nutrient solution at the time of transplanting, and growth differences were first seen 13 days later. At this time the plants receiving nutrient daily were larger than all the others. This presumably meant that water and/or nutrient had become a limiting factor for all the others, including those receiving the highest levels of nutrient twice a week. The latter plants probably had a slight water deficit prior to each application of nutrient solution, but at this time there was no noticeable wilting. The effect of water supply on the growth of lzmlr tobacc o plants (first experiment).
The number associated with each line is the dose of water (cml) given to each plant twice a week. In this graph, it can be seen that the first height measurements were made a few days after the different treatments first produced different responses. Until 19 days after transpla nting, some nutrient dra ined through the pots after each 800 cm 3 application, but subsequently none drained through. The plants receiving no water wilted for the first time 19 days after transplanting. This wilting became progressively more severe, and the two plants died off approximately 32 days after transplanting. Those given 12.5 and 25 cm 3 survived for longer, but grew only a little ( Figure 1 ). The minimum twice-weekly dose necessary for p lants to su 1 ·vive for the whole of the experimental period was 50 cm 8 • At 22 days, all plauts receivi ng up to (and including) 100 cm 3 were wilti ng. At 25 days after transplanting, the differences in response were marked, and the plants suffering from a severe water deficit had their leaves erect, almost parallel to rhe stalk, but this was not observed again. This effect may be similar to that reported by Amarell {8) for other tobaccos in dry conditions. Eight days later the differences in response were even greater, the higher doses of water giving much taller plants wi th much larger leaves (Figure 2 ). The effect of water supply on lzmir tobacco plants 33 days after transplanting (first experiment).
From right to fell, treatments were 400. 200. 50, automatic watering system, 800. 12.5, automatic watering system, 3200, 25, 200, 50 and 0 cmt of water twice a week.
There was linle difference in height between the plants given 1600 and 3200 cm 3 of water, and at 45 days after transplanting, the average heights of the plants given these two treatments were the same. It is likely that these two treatmen ts were, in effect, almost identical. All fo ur pots were saturated wi th nutrient tw ice a week, the excess d raining straight through, and th roughour the experiment some of both of these doses always drained through. Tt is interesting to note that the growth cu rves resulting from these two treatments (Figure 1) arc very similar to the growth curve given by Wolf (reference 2, p. 70) for a different aromatic tobacco, at least from when the plants really started growing upwards. The leaves of a ll those pla nts receiving 100 cm 3 or mo re of water twice a week were measured 49 days after transplanting. The numbers of leaves per plant, maximum lengths a nd widths of the largest leaves, and the estimated tOtal leaf area per plant are given in Table 3 . These results show that in the dose range of lOO tO 1600 cm 3 of water, the total leaf area approximately doubled with each doubling in the amount of water supplied. The total leaf area of the plants given 3200 cm 3 of water was only very slightly greater than that of the plants given 1600 cm 3 , but that of the plants on the automatic wateri ng system was much greater. At this time, the plants given 100 and 200 cm 3 of water twice a week had substantially fewer leaves than those given more water. Also at 49 days, the least significant differences (5 Ofo) in height were calculated. These are shown in Figure 1 ; as would be expected, they are greater for the larger plants.
A t 65 days some of the p lants were sampled for analysis. Some growing points and some leaves were removed, and consequently height measurements were no longer meaningful. The results in Figure 1 suggest that some of the plants were still growing when height measurements were discontinued. By 70 days after transplanting many of the lower leaves had yellowed (Figure 3) , and some of the very bottom leaves were brown and dry. on the plants receivmg 400 cm 3 were 14 cm long and approximately 7 cm wide at the widest point (Table 3 ). 
Second Experiment
In a second experiment 111 the following year, the growth pattern of Izmir was compared with that of two other varieties of tobacco, Palotina and Amarelinho, all under water stress. Unlike Izmir, these other two varieties are not normally grown under water stress conditions. In this experiment, three plants were grown per pot because the resultant spacing was closer to that used for Izmir tobacco in the field (1) and because it was believed that this was the largest number of plants of this size that could be grown in these pots without the plants interfering with each other, particularl y with respect to shading. The growth of the Izmir tobacco and the appearance of the plants were broadly similar to that in the first experiment, but they were not. identical. The second growing season was cooler, and the fact that there were three plants in each pot probably affected the water distribution with in the sand. As in the first experiment, the heights of the p lants were measured periodically; the results of these measurements are given in Figure 4 . At all three levels of water stress, the Izmir plants were always taller than the Palotina plants, which in t urn were always slightly ta ller than the Amarelinho p lants. However, the Palotina and Amarelinho plants given 400 cm 3 doses were rapidly catching up the Izmir plants at 90 days after being transplanted (Figure 4 ). At this time the Izmir plants had long since stopped growing. Also at this time, the mean heights of the Palotina and Amarelinho p lants given an unlimited supply of water were 190 and 175 cm; these plants were taller than the T zmir plants given an unlimited water supply in either of the two experiments. The least significant differences (5 Ofo) in height at 70 days are shown in Figure 4 . Perhaps the most significant difference between the varieties was in the characteristics of the plants (Figure 5) . The primary response of the Izmir variety to water stress was its tendency to produce scaled··down versions of those plants given unlimited water, at least in the dose range 200-1600 cm 3 ( Figure 3 ). In contrast, the primary effect of water stress on Palotina and Amarelinho seemed to be to slow down the growth rate, although there was also a marked reduction in leaf size. Substantial slowing down of the rate of development of the Izmir plants (as noted in the first experiment in terms of the rate of development of new leaves) was only evident at dose levels below 400 cm3.
DISCUSSION
This method of cultivation in water-stress conditions is clearly quite successful for growing plants closely resembling field-grown Izm ir tobacco. Because the plants given 100-400 cm 3 of water were similar in size to field-grown Izmir tobacco plants, the net availability of water to both is apparently similar. However, the results suggest that it would be difficult to get both stalk heights and leaf sizes exactly the same. Since we are normally more interested in the leaves than in the stalks, the treatment necessary to produce the desired leaf size, i.e. 400 cm 3 of water twice each week, would be the most appropriate for our purposes. Smaller doses of water res ult in plants with shorter stalks, more closely resembling those of field-grown Izmir tobacco with respect to height, but the leaves are smaller in size. The usual approach in water-stress experiments is to control the level of water deficit (3). Although this is desirable because it reduces the effect of climatic variations and can counteract the effects of changes in plant size, it is difficult to see how it could be applied successfully to conditions of extreme water stress. Our approach would be more susceptible to climatic variations, and how readily such variations could be compensated for is not known.
For the sake of simplicity, the doses of water were kept constant throughout the lives of the plants, once the water used for watering in the seedlings had been utilised. With other types of tobacco (not in waterstress conditions) it is well known that the water requirement increases as the plants grow in size, and that it decreases again as the leaves ripen. This has been observed for field-grown tobacco (3) and we have regularly observed the same effect with Virginia and Burley tobaccos in sand culture. Whether it would be appropriate to follow the same pattern for Izmir tobacco in pot culture is not known.
Supplying the doses of water twice a week was effective and convenient. The effects of different frequencies of application (with compensation for quantities) is a matter for speculation. At the lower dose levels more frequent applications of water would perhaps penetrate less deeply into the sand, which could result in high concentrations of roots near the surface (3). Less frequent application would result in more water running straight through at the higher dose levels.
This method of inducing a suitable degree of water stress seems to be effective in spite of the limited control of the concentration of salts in the sand. None of the plants had any symptoms of toxicity or deficiency other than the yellowing of the bottom leaves ( Figure 3 ) which is normal for tobacco but which might well be regarded as a nitrogen deficiency in other crops. In their experiments with a semi-Oriental tobacco, Anitia and Ille varied both the degree of water stress and the nitrogen level (4) . In their most severe water stress conditions there was an optimum level of nitrogen with respect to plant height and dry weight. The highest levels of nitrogen resulted in dark green plants and the lowest level of nitrogen resulted in thin, short pale plants. The characteristics of our plants were between these extremes. The availability of water and nutrients must be inextricably linked in these circumstances, because limited root growth must mean that less nutrient is available to the plants.
It is interesting to note the extent to which development of the leaves of the Izmir plants was delayed by water stress. In Table 3 it can be seen that at 49 days after transplanting, the plants given 200 cm 3 of water had only 13 leaves, although later on they developed a total of 22, In contrast, the plants receiving SOO Izmir tobacco can be regarded as one of the most drought-resistant varieties of tobacco, whereas the varieties Palotina and Amarelinho are not especially drought-resistant. One important characteristic of drought resistance seems to be the ability of the plant to reach maturity, which includes flowering, in a reasonable time in spite of being limited in size by the shortage of water.
SUMMARY
The Oriental tobacco variety Izmir has been grown in sand culture in a greenhouse under various degrees of water stress. Plants given 400 cm 3 of water (or nutrient solution) twice a week produced leaves of approximately the same size as field-grown Izmir tobacco, but they were somewhat taller. Plants given 25 cm 3 or less of water twice a week died, and those given more than 400 cm 3 of water 'twice a week grew larger than fieldgrown Izmir tobacco. At 49 days after transplanting, the total leaf area per plant was approximately proportional to the amount of water supplied, at least in the range 100-1600 cm 3 • In a second water stress experiment, the growth patterns of the varieties Amarelinho and Palotina, which are not normally grown in conditions of water stress, were found to be different from that of lzmir. Izmir was more tolerant of water stress than the other two varieties, in that complete (but small) plants developed in a shorter time. 
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